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ABSTRACT 
Thiry years of experience in coal liquefaction at PERC provides con- 
siderable background technology on feeding coal into pressurizcd units. 
Performance of the preferred feed system as now used serves as a basis 
to compare new developments. Flowable coal-oil slurry is fed by positive 
displacement plunger pumps into high-pressure liquefaction units. Records 
of over 600 hours of continuous unit operations without repairs to the 
feed system attest to its reliability. SYNTHOIL process development oper- 
ations with slurries of various concentrations, coal, and recycle vehicle 
oils will be reviewed. Methods for minimizing settling, plugging and 
erosion will be discussed. 
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Sayeed Akhtar, Sam Friedman, Nestor J. Mazzocco and Paul M. Yavorsky 
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INTRODUCTION 
A system f o r  preparing coa l  s l u r r y  and feeding it i n t o  a high-pressure 
l iquefac t ion  p l an i  %as been i n  use a t  the  P i t t sburgh  Energy Research 
Center (PERC) f o r  over t h i r t y  years. The system was developed f o r  the  
l i que fac t ion  u n i t s  operated a t  t he  Center during the  1940's t o  provide 
supporting research and development f o r  the  Bureau of Mines coal  l ique- 
f ac t i on  p i l o t  p lan t  (60 TPD) a t  Louisiana, Missouri. Although operat ion 
of  t he  Missouri p i l o t  p lan t  was discontinued i n  1953, research and develop- 
ment on coa l  l i que fac t ion  has continued almost uninterrupted a t  PERC and 
the  coa l  feeding system is s t i l l  e s s e n t i a l l y  t he  same with minor mater ia l s  
modifications.  The experimental mits cu r r en t ly  i n  use f o r  research on 
production of low-sulfur, low-ash u t i l i t y  f u e l  o i l s  by SYNTHOIL and o the r  
processes a r e  equipped with t h i s  coal  feeding system. It is the  purpose of 
t h i s  p resen ta t ion  t o  descr ibe the system which has  been used f o r  long con- 
t inuous runs and t o  review the  experience of opera t ing  it. 
DESCRIPTION OF THE SYSTEM 
The system f o r  preparing coa l  s l u r r y  and pumping i t  i n t o  a high-pressure 
l iquefac t ion  p lan t  is ahown i n  f i gu re  1. It is based on pos i t ive  displace-  
ment pumping of coal  s l u r r i e d  i n  a recycle  veh ic l e  o i l .  It cons i s t s  of 
th ree  par t s :  A s l u r r y  mix tank where the  coa l  s l u r r y  is prepared, a s l u r r y  
feed tank t h a t  maintains the  suspension of s l u r r y  during feeding, and a 
s l u r r y  feed pump which pressur izes  the  s l u r r y  i n t o  t he  pressurized ves se l s  
of the  plant .  Of paramount importance is the  c i r c u i t  used t o  keep s l u r r y  
moving c lose ly  by t h e  in take  valves  of the  high-pressure pump to  prevent 
any s o l i d s  s e t t l i n g  i n  t r a n s f e r  l i n e s  t o  the  pump. The s l u r r y  mix tank, 
shown to  the  l e f t  i n  t he  f i gu re ,  is mounted on a s c a l e  and is equipped wi th  
an a g i t a t o r  and a c i r c u l a t i n g  pump. The tank is  connected t o  an i n e r t  gas 
supply so  t h a t  the  s l u r r y  preparat ion may be conducted under an i n e r t  gas 
blanket.  All connections t o  the  tank have f l e x i b l e  hose couplings t o  
enable accurate  transmission of weight changes t o  t he  sca le .  
The c i r c u l a t i n g  pump is  a commercial* progressing cav i ty  Moyno pump1. 
The convoluted r o t o r  and s t a t o r  a r e  made of t o o l  steel and the  ro to r  has a 
*Reference t o  commercial items does not c o n s t i t u t e  endorsement by the  U.S. 
Government but i s  f o r  i d e n t i f i c a t i o n  purposes only. 
chrome f i n i s h ,  Neither pa r t  i s  p l a s t i c  l i ned ;  t he re  is metal-metal contact .  
The capaci ty  of t he  pump is  3gpm which gives  a ve loc i ty  of 1.2 f t / s e c  t o  the  
s l u r r y  i n  the  c i r c u l a t i o n  loop of 1-inch I D  pipe. This is  adequate p ipe l ine  
ve loc i ty  t o  assure  suspension of the  minus 100-mesh coal  i n  t he  o i l ,  
The s l u r r y  feed tank, shown t o  the  r i g h t  of t he  s l u r r y  mix tank, !s a l s o  
mounted on a s c a l e  and is  equipped with an a g i t a t o r  and a c i r c u l a t i n g  Mcyno 
pump. Like the  mix tank, the  feed tank a l s o  is connected t o  an ..nert gas 
supply and has f l e x i b l e  hose endings f o r  a l l  connections. 
The s l u r r y  feed pump, shown t o  the  r i g h t  i n  f i gu re  1, is  a modified 
Milton Roy plunger-type metering pump2. The modification of t he  head, 
along with o ther  d e t a i l s  of the  pump assembly, i s  shown i n  f i gu re  2. The 
pun? is a duplex un i t  with a common drive.  The plunger is  at tached t o  
the  crosshead by a f l o a t i n g  connection which permits l a t e r a l  wvement 
and assures  alignment of the  plunger with t he  a x i s  of t he  s t u f f i n g  box. 
A metal gland and a l an t e rn  r i n g  provide c lo se  guidance of t he  plunger t o  
prevent excessive wear of the  packing. The plunger is made of low-carbon 
s t e e l  and is p la ted  with chromium, 0.002-inch thick.  Both the  s t u f f i n g  
box and the  plunger have sur face  f i n i s h e s  of 60 p-inch o r  b e t t e r ,  The 
plunger withstands s l u r r y  wear very w e l l  a s  seen by the  good condi t ion of 
t he  one photographed i n  f i gu re  3 a f t e r  6000 hours of use. 
The packing is  chevron a r  "V" type, s e l f  sea l ing ,  and fabr ica ted  from 
te f lon .  Lubrication of the packing is e s s e n t i a l  t o  reduce f r i c t i o n .  
Grease l ub r i can t  is  in jec ted  with a grease gun a t  l e a s t  once every day. 
The suc t ion  and discharge valve assemblies are our own modifications of 
t h e  pump. The b a l l  valves were designed a t  PERC. The b a l l  and s e a t ,  
assembled a s  a u n i t ,  a r e  screwed i n t o  the pumphead and seated aga ins t  a 
gasket.  The arrangement permits easy replacement of t he  valve, when 
necessary. The b a l l  is made of a hardened chromium steel and t h e  s e a t  of 
s t a i n l e s s  s t e e l  410, hardened t o  about 350 Br ine l l .  The pump is provided 
with pressure r e l i e f  valves,one d i r e c t l y  i n  t h e  pumphead on the  discharge 
s i d e  and one i n  t he  piping on the  suct ion s ide .  The r e l i e f  valve on t h e  
suc t ion  s i d e  is necessary t o  pro tec t  the  low-pressure piping from over 
pressur iza t ion  i f  t he  b a l l  valves on both t he  suc t ion  and discharging 
s ide8  become fau l ty .  
The pump is provided with a gas vent i n  the  cyl inder  body t o  bleed out  
a i r  when priming the  pump. The same vent is  a l s o  used t o  bleed out  organic  
vapors o r  steam i f  the pump is vapor locked by v o l a t i l e s  from the  veh ic l e  
o i l  o r  moisture from coal.  
The capaci ty  of the  pump has been var ied from 2 l b l h r  t o  70 l b / h r  by 
using one or  both s ides  of the  pump, interchanging plungers of *./4-inch 
t o  518-inch diameter, and ad jus t ing  the  length  of t he  s t roke  from 112-inch 
t o  4-inches. A s  an add i t i ona l  means of varying the  capaci ty ,  t h e  puup is 
equipped with a va r i ab l e  speed dr ive  but i t  has been used a t  only one 
speed, corresponding t o  a frequency o E 28 s trokes/minute. 
The piping f o r  the  feed system and the  s a f e t y  f ea tu re s  i n  i t  a r e  shown 
i n  f i gu re  1. The high-pressure l i n e  from the  feed pump t o  the  p lan t  is 
provided with a reverse  flow check valve t o  prevent t he  p lan t  pressure 
from blowing back i f  the  b a l l  valve on the  o u t l e t  of t he  pump f a i l s  t o  
s e a t  proper ly .  The high-pressure l i n e  is  a l s o  provideti w i t h  & pressure  
s e n s t i v e  cut-off swi tch t o  i n t e r r u p t  supply of power t o  t h e  feed pump i f  
t h e  l i n e ,  c r  any point  downstream of i t ,  developes a c o n s t r i c t i o n .  A 
manually operated o i l  pump, shown on t h e  extreme r i g h t  i n  f i g u r e  1, is then 
used t o  h y d r a u l i c a l l y  break open t h e  c o n s t r i c t i o n  by applying p r e s s u r e s  
up t o  10,000 ps ig .  To minimize t h e  r i s k  of c o n s t r i c t i o n  developing i n  :he 
s l u r r y  l i n e  due t o  s e t t l i n g  of c o a l ,  h o r i z o n t a l  p iping is  avoided and t h e  
l e n g t h  of t h e  l i n e  i s  kept a s  s h o r t  a s  p r a c t i c a b l e .  To f a c i l i t a t e  pre- 
p a r a t i o n  and fedding of very viscous  s l u r r i e s ,  t h e  system can be steam 
heaced. The mix and feed t anks  .Ire stearn-jacketed and a l l  p ipings  involved 
i n  s l u r r y  t r a n s f e r  a r e  steam-traced. The head assembly of t h e  feed pump 
is  provided wi th  11'4-inch ho les  f o r  i n l e t  and o u t l e t  of steam. 
OPERATION OF THE FEED SYSTEM -
The v e h i c l e  o i l  i s  t r a n s f e r r e d  t o  t h e  mix tank and t h e  a g i t a t o r  and 
c i r c u l a t i n g  pump s t a r t e d .  Pulver ized c o a l  is added, manually i n  smal l  
q u a n t i t i e s  through t h e  open top whi le  t h e  tank is  blanketed wi th  i n e r t  gas  
(n i t rogen)  by mainta ining an  outward flow of ne gas. ~ f t e r  t h e  a d d i t i o n  
of c o a l  is complete, t h e  t ank  is  covered and p r e s s a r i z e d  wi th  5 p s i g  of 
t h e  i n e r t  gas. Agi ta t ion  and c i r c u l a t i o n  of t h e  s l u r r y  is continued f o r  
2 hours t o  ensure  thorough mixing, a f t e r  which t h e  s l u r r y  is t r a n s f e r r e d  t o  
t h e  feed t ank  by d i v e r t i n g  t h e  c l r c u l a t i o n  s t ream t o  t h e  tank. Agi ta t ion  
and c i r c u l a t i o n  of t h e  s l u r r y  i s  continued non-stop i n  t h e  feed tank a l s o  
under 5 ps ig  of t h e  i n e r t  gas. The s l u r r y  is  supp l ied  t o  t h e  feed pump 
from t h e  c i r c u l a t i o n  loop as shown i n  f i g u r e  1. The s l u r r y  is supp l ied  a t  
about 6 p s i g  o r  h igher  Lo ensure  an adequate flow of t h e  s l u r r y  t o  t h e  
s u c t i o n  s i d e  of t h e  feed  pump. A gauge i n  t h e  c i r c u l a t i o n  loop measures 
t h e  pressure  of the  c i r c u l a t i n g  s l u r r y .  A p r e s s u r e  of l e s s  than 6 p s i g  on 
t h e  gauge i n d i c a t e s  tl.at t h e  r o t o r  and s t a t o r  i n  t h e  c i r c u l a t i n g  pump a r e  
eroded snd should be replaced.  The e r o s i o n  r a t e s  of t h e  rotcar and s t a t o r  
depend on t h e  type and amount of mineral  mat te r  i n  coal .  With a West 
Vi rg in ia  c o a l  conta inin ,  percent  ash,  t h e  r o t o r  and s t a t o r  had a s e r v i c e  
l i f e  of 4,000 hours whi le  wi th  a Kentucky c o a l  con ta in ing  1 6  i e r c e n t  ash,  
t h e  s e r v i c e  l i f e  was reduced t o  160C - 1800 hours. 
This system has  been used wi th  a wide v a r i e t y  of c o a l s  and v e h i c l e  
o i l s :  c o a l s  ranging i n  rank from low-volat i le  bituminous t o  l i g n i t e  and 
v e h i c l e  o i l s  from snthracene o i l s  and coke oven t a r s  t o  process-derived 
recyc le  o i l s .  The c o a l  is d r i e d  and pu lver ized  t o  70 percen t  t h r u  200- 
mesh, U. S. s t andard  s e i v e ,  a t ~ d  99 percen t  t h r u  100-mesh. Immediately 
be fore  use, t h e  pulverized c o a l  i s  screened through a SO-mesh s i e v e  t o  
r e j e c t  p a r t i c l e s  r e t a i n e d  by t h i s  s i e v e  and t o  break up agglomerated c l u s t e r s  
of pulver ized coal .  
Drying of c o a l  is of no fundamental s i g n i f i c a a c e  t o  l i q u e f a c t i o n  per  se. 
However, wet c o a l s  a r e  d i f f i c u l t  t o  g r ind ,  and pulver ized coa l  con ta in ing  
more than 10 percent  mois ture  genera tes  foam when added t o  r e c y c l e  o i l  a t  
200 O F o r  irore. The nuisance is most pronounced w i t h  subbituminous c o a l s  
and l i g n i t e s ,  which u s u a l l y  r e t a i n  about 20 percent  moisture a f t e r  convent ional  
drying and gr inding.  I f  foaming is excess ive ,  a good por t ion  of t h e  s l u r r y  
i n  t h e  mix tank can s p i l l  over t o  t h e  f l o o r .  Excessive foaming is c o n t r o l l e d  
by adding t h e  c o a l  slowly and i n  small q u a n t i t i e s  t o  t h e  recyc le  o i l .  It is 
important t o  add t h e  coa l  i n  small  q u a n t i t i e s  f o r  another  reason a l s o .  I f  
added too  r a p i d l y ,  t h e  c o a l  p a r t i c l e s  agg lonera te  i n t o  i n t e r n a l l y  d ry  luraps 
which do not  break up e a s i l y .  These lumps u s u a l l y  f l o a t  on t h e  o i l  but  
occas iona l ly  a r e  sucked i n t o  t h e  c i r c u l a t i n g  loop and pluq up the  va lve  a t  
t h e  bottom of t h e  t ank  o r  f r e e z e  t h e  r o t o r  of t h e  c i r c u l a t i o n  pump. A 
s u i t a b l e  r a t e  f o r  adding coa l  t o  o i l  wi thout  foaming o r  lumping must be 
determined empiricollly s i n c e  t h e  w e t t i n g  c h a r a c t e r i s t i c s  a f  coal5 and o i l s  
d i f f e r .  Frequent ly ,  some pulver ized c o a l  agglomerates s t i c k  t o  t h e  w a l l s  
of  t h e  tank. A s  a r o u t i n e  p r a c t i c e ,  t h e r e f o r e ,  when t h e  a d d i t i o n  of c o a l  
is complete, t h e  walls a r e  scraped t o  break up t h e  c o a l  agglcmerates and 
t h e  sc rap ing8  added t o  t h e  s l u r r y ,  
The s l u r r y  must be  homogenized t h o r o ~ g h l y  i n  t h e  mix tank be fore  i t s  
t r a n s f e r  t o  t h e  f e e d  tank. An improperly mixed a l u r r y  can e a s i l y  cause  
malfunction of t h e  b a l l  va lves  on t h e  feed pump. Two hours  of mixing 
time is l i b e r a l  al lowance t o  ensure  thorough a i x i n g ,  a l though,  wi th  many 
coa l -o i l  combinations, a f a r  s h o r t e r  d u r a t i o n  may be  s u f f k i e n t .  
The s l u r r y  p r e p a r a t i o n  and feed ing  a r e  conducted i n  an i n e r t  a t sosphere .  
Th i s  precaut ion is d e s i r a b l e  s i n c e  t h e  v i s c o s i t y  of coal-derived o i l s ,  
and t h e r e f o r e  of s l u r r i e s  of c o a l s  i n  such o i l s ,  i n c r e a s e s  by exposure 
t o  a i r .  An i n v e s t i g a t i o n 3  of t h e  aging c h a r a c t e r i s t i c s  of product o i l s  
from t h e  SYNTHOIL process  has shown t h a t  t h e  r a t e  of  i n c r e a s e  of  v i s c o s i t y  
under d i f f e r e n t  gases  v a r i e s  i n  t h e  o r d e r  n i t r o g e n  < a i r  < oxygen, and a t  
d i f f e r e n t  temperatures  i n  t h e  o r d e r  86' F < 113' F < 141' F. Furthermore, 
t h e  h igher  t h e  i n i t i a l  v i s c o s i t y  o f  t h e  o i l ,  t h e  l a r g e r  t h e  r a t e  of i n c r e a s e  
of  its v i s o c s i t y .  S ince  s l u r r y  p repara t ion  and feed ing  a r e  f requen t ly  
conducted a t  about 200' F and t h e  i n i t i a l  v i s c o s i t y  of t h e  s l u r r y  i s  high,  
t h e  rate of i n c r e a s e  of t h e  v i s c o s i t y  w i l l  be s u b s t a n t i a l  i f  t h e  s l u r r y  is 
prepared and f e d  exposed t o  a i r .  It may a l s o  be not- -  :lint t h e  a g i t a t i o n  
and c i r c u l a t i o n  of  t h e  s l u r r y  i n  t h e  mix and feed t anks  are extremely 
vigorous ,  and i f  s l u r r y  p repara t ion  and feed ing  were conducted i n  air ,  
t h e  a i r - s l u r r y  c o n t a c t  would be  f a r  more i n t i m a t e  than under t h e  exper imentz l  
cond i t ions  o f  t h e  ag ing  s tudy,  Consequently, t h e  r a t e  of i n c r e a s e  of t h e  
v i s c o s i t y  of t h e  s l u r r y  would be  l a r g e r  :han t h e  r e s u l t s  of t h e  aging s tudy  
might suggest .  
CONCENTRATION OF COAL I N  FEED SLURRY 
Maximization of  c o a l  concen t ra t ion  i n  t h e  s l u r r y  is a d e s i r a b l e  o b j e c t i v e  
s i n c e  t h e  h igher  t h e  concen t ra t ion  of c o a l ,  t h e  h igher  t h e  p l a n t  throughput 
f o r  a g iven s l u r r y  feed  r a t e .  However, t h e  s l u r r y  must be pumpable, a q u a l i t y  
determined by i ts v i s c o s i t y  and s t a b i l i t y .  I f  t h e  v i s c o s i t y  is  too high,  t h e  
s l u r r y  cannot be c i r c u l a t e d  or  in t roduced i n t o  t h e  feed  pump, whi le  i f  t h e  
v i s c o s i t y  is  too low, c o a l  w i l l  s eg rega te  from t h e  s l u r r y  and d e p o s i t  i n  
t h e  i n l h t  and o u t l e t  va lves  of the  feed pump and/or downstream of  t h e  pump 
i n  t h e  high-pressure l i n e  t o  t h e  p l a n t ,  b e f o r e  hydrogen meets t h e  s l u r r y  
and c o a l  s t a r t s  d i s so lv ing .  Any of  t h e s e  occurrences  w i l l  d i s r u p t  t h e  
feed ing  system. 
The v i s c o s i t y  and s t a b i l i t y  o f  a c o a l  s l u r r y  depend on t h e  n a t u r e  o f  
t h e  v e h i c l e  o i l  and t h e  concen t ra t ion  of  c o a l  i n  t h e  s l u r r y .  Although a l l  
c o a l  l i q u e f a c t i o n  processes  a r e  based on procees-derived o i l s ,  t h e  lat ter  
a r e  no t  a l l  i d e n t i c a l ,  The v e h i c l e  o i l s  i n  some precesses a r e  d i s t i l l a t e  
f r a c t i o n s  of t h e  l i q u e f a c t i o n  product ,  whi le  i n  o t h e r s ,  t h e  d i s t i l l a t i o n  
bottoms o r  t h e  whole product o i l  i t s e l f .  The veh ic le  o i l s  i n  v a r . o u s  
i 
1 c o a l  l i q u e f a c t i o n  p rocesses ,  t h e i r  v i s c o s i t i e s  and t h e  c o n c e n t r a t i o n  of  
c o a l  i n  pumpable s l u r r i e s  a r e  g iven i n  t a b l e  1. The v e h i c l e  o i l s  con- 
s t s t i n g  of d i s t i l l a t e  m a t e r i a l s  a r e  low-t ' iscosity l i q u i d s  t h a t  g ive  pumpablt 
;a s l u r r i e s  wi th  up t o  33 percent  coa l .  A t  h igher  c o a l  concen t ra t ions ,  t h e  
s l u r r i e s  a r e  too uns tab le  a l though v i s c o s i t y  is  no problem. The v e h i c l e  
o i l s  c o n s i s t i n g  of heavy o i l s ,  o r  whole product o i l ,  a r e  v i scous  l i q u i d s  
con ta in icg  aspha l t enes  and some benzene i n s o l u b l e s .  These l i q u i u a  g ive  
pumpable s l u r r i e s  wi th  up t o  45 t o  53 percent  ccs:. A t  h igher  concen t ra t ions  
of c o a l  t h e  s l u r r i e s  a r e  excess ive ly  viscous .  Indeed,  i f  t h e  v iscos , ty  
of the  v e h i c l e  o i l  i s  more than 106 SbF ( L ,  190' F) and s l u r r i e s  con ta in ing  
more than 35 percent  c o a l  a r e  t o  be prepared,  t h e  s!;rry p repara t ion  and 
feeding system must be hv.::ed. The practical upbkr limit of temperature 
f o r  our  feeding system i s  about 230' F, a t  ve which v o l a t i l i z a t i o n  of t h e  
low-boiling hydrocarbons i n  t h e  v e h i c l e  o i l  causes vapor-locking of t h e  
feed pump. 
OPERATING EXPERIENCE 
k The exper ience  of o p e r a t i c g  the  c z a l  s l u r r y  p r e l d r a t i o n  and feed ing  1' system wi th  t h e  112-TPD SYNI. 3IL u n i t 4 #  5,6 over  t h e  p a s t  t h r e e  and a  h a l f  
f years  is  summarized i n  t a b l e  2 .  Every run made wich t h i s  u n i t  is  l i s t e d .  
The pump was always newly overhauled p r i o r  t o  each run.  (See foo tno te  t o  R B t a b l e  2  f o r  d e t a i l s  of overhau l ing) .  During t h i s  h i s t o r y  of operation, 
f s l u r r i e s  of  f i v e  d i f f e r e n t  c o a l s  i n  indigenous r e c y c l e  o i l ,  a  s o l u t i o n  of 
I SRC i n  SRC s o l v e n t ,  and t h e  SYNTHOTL product o i l  wi thout  m y  c o a l  were 
F t processed through t h e  SYNTHOIL u n i t  i n  t h e  26 s e p a r a t e  runs  of t a b l e  2.  
f Seven of these  runs  were of 501 t o  700 hours d u r a t i o n ,  t en  of 200 t o  425 hours,  and n ine  of 8 t o  169 hours ,  itone of t h e s e  runs bas  terminated be- 
P: cause of feed pump f a i l u r e .  One s i d e  of t h e  du1>lex pump was always ready 
t o  run whenever t h e  o t h e r  s i d e  needed overhaul.  
The pumping time wi th  each head d u r i ~ i g  t h e  runs  is t abu la ted  i n  
column 6  of cab le  2. Glen one s i d e  of the  duplex pump f a l t e r s  a s  observed 
by any decrease  of feed r a t e ,  t h e  o t h e r  s i d e  is  put i n t o  s e r v i c e  and t h e  
d e f e c t i v e  s i d e  is overhauled by changing t h e  purphead b a l l  va lves  and pack- 
i n g  assembly ( s e e  f i g u r e  2) and c lean ing  t h e  i n l e t  manifold > t t h  l i g h t  
o i l .  The overhauled s i d e  of the  pump is then a v a i l a b l e  on sLandhy. The 
b a l l  va lves  and t h e  p ressure  r e l i e f  va lve  from t h e  defecti .de pumpbead a r e  
l a t e r  cleaned and examined. I f  not  s c a r r e d ,  they a r e  resdy f o r  r euse ;  
if s c a r r e d  they a r e  replaced wi th  new b a l l s  and va lve  s e a t s .  Most nf 
t h e  time, only va lve  c l e ~ n i n g  is  needed. 
I n  conclus ion,  no te  from t a h l e  2 t h a t  r u a s  of  500 hours  a1.d 616 hours  
dura t ion  have been accomplished wi th  a  sing1.e s i d e  of t h e  pump assembly, 
r e q u i r i n g  no overhaul  qr swi tchover  t o  t h e  o t h e r  s i d e  of  t h e  pump i n  t h a t  
time. Also t h e  swi t thover  and overhaul  technique,  wi thout  i n t e r r u p t i o n  
of a run can be p r a c t i c e d  i n d e f i n i t e l y  f o r  very  long continuous runs. 
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TABLE 1.- Vehicle o i l s  and concentr8tions of coal 
i n  feed s l u r r i e s  i n  various liquefaction 
processes 
I Approx. MX. concentration of coal i n  
Vehicle g* 
D i s t i l l a t e  of boil ing 
range 400'-700" F 
Hydrogenated 
d i s t i l l a t e  of 
boiling range 
400'-700' F 
Heavy o i l s  
( d i s t i l l a t i o n  
bottoms) , 
deashed 
Whoie product 
o i l ,  deashed 
Viscosity 
10-15 centi- 
stokes a t  140' F 
Unknown 
10-50 SSF 
a t  180' F 
5-400 SSF 
a t  180" F 
pumpable s l u r r y  Processes 
SRC, 
ti-coal 
Pott- 
Broche , 
CSF, Exxon 
Bergius , 
U. s. 
Bureau of 
Mines coal  
lique- 
fact ion 
R & D  
65' SYNTHOIL 
* A l l  vehicle o i l s  a re  process-derived materials. 
TABLE 2. -Coal s l u r r y  pumping h i s to ry  f o r  a l l  runs of t he  112-TPD SYNTHOIL Unit 1 
Concentratiozl Slurry To ta l  Pumping 
of coa l  i n  feed P lan t  t i m e , b o t h  
feed paste ,  ;;;;: prezure. heads, Pumping t i m e  between I 
Coal w t  pc t  P B h r  overhauls* 
Hvab, Honestead 35 
Nine, Kent ucliy 
25 4,000 500 0-249 h r s  r i g h t  s ide ,  
249-259 h r s  l e f t  s ide ,  
259-456 h r s  r i g h t  s ide ,  
656500 h r s  l e f t  s ide.  
25 2,000 500 0-130 h r s  r i g h t  s i de ,  
1U)-500 h r s  l e f t  s ide .  c 
Mvb , Clearf i e l d  35 
County, PA 
25 4,000 36 0-36 h r s  r i g h t  s i de ,  
no overhaul. 
Hvab, Homestead 35 
Mine, Kentucky 
25 4,000 400 0-53 h r s  r i g h t  s i de ,  
53-114 h r s  l e f t  s i de ,  
114-500 hrs r i g h t  s ide.  
Bvbb, Herron 35 
Mine, I l l i n o i s  
30 4,000 30 0-30 h r s  l e f t  s ide ,  
no overhaul. 
Hvab, Homestead 35 
Mine, Kentucky 
50 4,000 100 0-100 h r s  both s i d e s  
(both on, no ovs- -haul. 
s i d e s  
of p-p) 
30 4,000 200 0-151 h r s  l e f t  s i de ,  
151-200 h r s  r i g h t  s ide.  
Hvbb, Spencer 35 
County, Indiana 
25 4,000 20 0-20 h r s  r i g h t  s ide ,  
no overhaul. 
25 4,000 8 0-8 h r s  r i g h t  s ide ,  
no overhaul. 
Hvab , I re land 35 
Mtne, W. VA. 
25 4,000 500 el hr  l e f t  s i de ,  
1-500 h r s  r i g h t  s ide.  
25 2,000 300 0-300 h r s  r i g h t  s i de ,  
no overhaul. 
25 4,000 500 0-500 h r s  r i g h t  s i d e ,  
no overhaul. 
25 2,000 169 0-281 h r s  r i g h t  s i d e  
18 2,000 112 no overhaul. 
25 4,000 3 75 0-375 h r s  r i g h t  s i de ,  
no overhaul. 
TABLE 2.-Coal s l u r r y  pumping h i s to ry  f o r  a l l  runs of t he  112-TPD SYNTtlOIL Unit- 
Continued 
35 4,000 34 0-34 h r s  r i g h t  s ide ,  
no overhaul. 
No coal. Rehydrogenated 
product o i l  from a 
previous run 
Hvab , I re land  35 
Mine, W. VA. 
25 4,000 200 0-200 h r s  r i g h t  s ide ,  
no ovL rhaul. 
25 4,000 96 0-128 h r s  r i g h t  s ide ,  
25 4,000 32 no overhaul. 
50 we pct  SRC i n  SRC-Solvent 
Pure SRC-Solvent 
Hvab, I reland 35 
Hine, W. VA. 
25 4,000 712 0-320 h r s  l e f t  s ide ,  
320-712 lrrs r i g h t  s ide.  
2 5 4,000 2 79 0-279 h r s  r i g h t  s ide ,  
no overhaul. 
Hvab, S i n c l a i t  35 
Hine , Kentucky 
do do 35 25 4,000 169 0-39 h r s  l e f t  s ide ,  
39-169 h r s  r i g h t  s ide.  
35 25 4, OCO 425 0-78 h r s  r i g h t  s ide ,  
78-94 h r s  l e f t  s ide ,  
94-425 h r s  r i g h t  s ide .  
25 4,002 365 0-365 h t s  r i g h t  s ide ,  
no overhaul. 
25 4,000 621 0-616 h r s  r i g h t  s ide ,  
616-621 h r s  l e f t  s ide .  
25 4,000 98 0-98 h r s  l e f t  s ide ,  
no overhaul. 
25 4,000 226 0-226 h r s  l e f t  s ide ,  
no overhaul. 
25 4,000 564 0-12 h r s  r i g h t  s ide ,  
12-158 h r s  l e f t  s ide ,  
158-302 h r s  r i g h t  s ide ,  
302-564 h r s  l e f t  s ide.  
*The overhaul cons is t s  of changing the  pump head t h a t  includes the  valves and 
changing the  packing; a l s o  cleaning the  feed i n l e t  manifold with l i g h t  o i l .  
The b a l l  valves and the  pressure r e l i e f  valve of the  removed pumphead a r e  
valves are scarred,  b a l l s  and s e a t s  a r e  



